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Second Civilian GPS Signal (L2C)

Announced by White House in 1998

Designed to meet commercial needs

— Benefits thousands of existing high-end receivers
— Increases accuracy for lower-end users

— Improves availability in challenged environments

Implemented on eight GPS IIR-M satellites
— First one declared operational in Dec 2005
— Second launch: Sep 2006

Included on all future GPS satellites
Free signal and technical documentation
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Example Applications That L2C Will Benefit

e Agriculture

e Construction

e Intelligent Transportation Systems
 Wireless Telecommunications

e Structural Monitoring

e Natural Resource Conservation




U.S. Industry Celebration of L2C
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L2C Study

e Initiated in late 2004 with funding from
DOC/NOAA, DOT, and IGEB

— Project Director: Rodney Weiher, NOAA Chief
Economist

— Principal Investigator: Irving Leveson

e Objective: Quantify economic benefits of the new
LL2C signal through the year 2030



Approach to Benefit Measurement

Benefits measured according to the economic
productivity approach which includes
productivity gains and cost savings

— Vs. the typical economic impact approach

Incremental benefits and user costs defined as
the differences from what would be expected in
the absence of L2C

Benefits may be attributable to specific users or
spread over a large population

Market and non-market benefits included



Elements of the Analysis

Examining potential applications and their
benefits to users and the public

Constructing alternative context scenarios that
Incorporate developments in signal availability,
markets and competing and complementary
systems

Projecting numbers of users, benefits, and user
costs for each scenario

Computing present discounted values and
benefit/cost ratios

Risk/sensitivity analysis



Context Scenarios

High Opportunity

Timely signal availability

Larger than expected markets
High complementarity with L5
Success of High Accuracy NDGPS

Full Galileo deployment in 2012
with less than complete technical
performance

Moderate Benefits

Timely L2C availability
Large potential markets

Benefits moderated by
competition from other signals
and augmentations

Full Galileo deployment in 2011

Diluted Benefits

Large potential markets

Gradual L2C deployment and
uncertainty about schedules slows
investment in innovation and
market development

Improvements in public and
private augmentations make
single signal use more attractive

Opportunity Lost

Late signal initiation and
protracted pace of L2C
deployment

Moderately large potential market
size, moderate effects of
availability of other signals and
delay in Galileo FOC to 2011

Attractiveness of augmentations
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Productivity Benefits of L2C
Are Likely to Exceed $5 Billion

Present Value of Net Benefits, All L2C Users
(7%discount rate)
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Most Benefits Will Result from
Combining L2C with Other Signals

Present Value of Net Benefits of L2C by Type

of User
(7% discount rate)

2

e

g 12,000

0 10,000 |_
o 8,000 =
N

= 6,000 -

2 4,000 -

=

O O 1 1 1

= Triple Dual Frequency M ultiple Single Total

& Frequency Supplementary

0O opportunity lost

@ moderate benefits

O diluted benefits

@ high opportunity

13



Economic Benefits Accrue Early
for Dual Freqguency Users

Number of L2C Dual Frequency Precision
Users
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Benefit/Cost Ratio Is High
Under All Scenarios

of year 2005 dollars
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Conclusions

Economic benefits of L2C were estimated In
terms of productivity gains minus equipage costs

— Non-monetary benefits to society were also included

Net benefits range between $1.6B and $9.6B
through 2030, depending on scenarios

— Most likely scenario: $5.8B

The bulk of economic benefits will result from
combining L2C with other signals

Benefits may be up to 20x equipage costs
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Read the Complete Article

e Published in July/August 2006 issue of Inside GNSS
e Link to free electronic version available at PNT.gov
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The L2CStudy =it

Fower grids could be one o e infrastructuies benefitting from a secand civil GPS signal

How much will civilians benefit from further GPS modernization efforts? A
recent study conducted on behalf of the U.5. depariments of commerce and

transportati

focused on L2C applications other than those of aviation and

military users. The analysis ¢ oncluded that L2C will substantially benefit
dual-frequency applications until alternative signals are widely used and could
be a long-term hoon for applications requiring three or more frequencies.

has had enormeous benefits to the econ-
amy and society that go well beyand
military and civil aviation applications
— that is becoming ever more widely

understood, What has been more open 1o discussion are the
civilian non-aviation benefits of further LIS, efforts at GPS
mademization, particulary the introducticn of addirional
signals.

In an effoet to define and measure civilian benefits, the
115, departments of commerce and transportation commis-
sinned some econcmic analyses of civil signal modernization
Particular emphasis was placed on the valug of the L2Csig-
nal centered at 1227,60 MHZ, which recently began broad-
casting from the first modernized GPS Block TIR-M satellite,
This article is an outgrowth of that effort.

Theanalysis focused on the valu of signals at more than
ane frequency for precision non-aviation use by business
and government, It considered how urilization of the second
civilian signal and its benefits would evolve in the coming

decades as the LIC constellation expands and as additional
signals hecome available from GPS and other GNSSes

In the study, prejections were developed uncler four sce-
narios — with the "moderate benefit“scenario seeming most
likely — that reflect combinations of developments, including
the strength of markets, the timing of L2 signal availability,
the timing of Galileo availability, and complementary and
competitive relationships with augmentations.
“The main findings of the study are:
‘The projected number of US. high precision users of any
sigmal nearty doubles from 38100 t0 75,000 from 2004 to
2008, and reaches 146,000 in 2012 and 333,000 in 2017,
Undler a “moderate benefits” scenarin, the number of LG
users reaches €400 by 2017, of which 35,000 are dual fre-
quency users and 29,000 use three or more frequencies.
Civilian benefits of L2C net of user costs range from §1.4-
$9.6 billicn under ahiernative scenarios and civilian net
beneits are about $5.8 billion under the moderate ben efits
scemario.

+ Results are robust.
+ Positive present values of benefits net of user costs are
obtained in all tests
+ The ratic of benefits to user costs ranges from § 1020
inall tests.
In addition ta the domestic benefits examined, L2C will
undoubtedly have important internaticnal benefits.
‘This article presents in more detail how we defined the
problem, approached the study, and arrived at those conclu-
sinns.

The L2C Evolution

L2C. tegether with the present L1 C/A-code signal and the
future modemized civil signal L1C, will provide an altema-
tive to augmented single frequency GPS for precision users

The L1CStudies

BETIE INe L2C 51wy, IMPEriant pragress haaalieacy been mac In
understandineg the benanis of adcttional GFS signals. Tese acthi-

ties nch afthe
Defensa Sclencs Board Tk FORCE 0N G5, rekasad l2st Decamber, ang
ha L3C Stuck) undertaken by the Interagency 673 Exetee Baard In
2004, (562 The"ROTMOM RESEUICesT SACTON SLNE End ar s amce
‘0 ind out P b abiin these studies an ine.)

Upperli it oF tutal beneres of LIC forthe single yzar 2005 —nclud-
g OS2 ODLaINGE by SINghe- 30 MUITIple-TrquEnay USersIn ptvate
houseNold, Cusinesses, ORI MEns—were estimaled l approsi-
mately 32 bilin: $540milion for mobile andwieless location ser-
es, & InFormatior e

“commerlal 6P and $452 millon for In-vehice infomatian ang
narigation senices (telematics).

Separate investigations have ourlined the i ben-
efits of LIC (Seesidebar, "The LIC Studies”)

L2C signals can be used for both horizontal and vertical
measurement and positioning along with LL CIA as satellites
became available cver moreareas and in more times of the
day. The first satellite can be used for mproved timing L2C
also can be used In configurations of three or more frequen-
cies in combination with the forthcoming GPS LE signal and
with signals from Galileo and GLONASS.

At various times in each signal’s deployment and devel-
apment of markets, other signals will, o varying degress,
provide complements to L2C and competitors to it. L2C has
its greatest potential to generate benefits for dual frequency
applications until altern ative signals are widely utilized, and
for lang-term use in spplications taking advantage of three or
more frequencies

The L2 signal is currently being widely used for augmen-
tations, and the new signals can be used in that way along
with the existing constellation. However, L3s use as a com-
ptitor to L2C and as a partner to L2C in multiple frequency
implementations primarily depands on the launch timeline
for satellites carrying the LE signal since L, centered at the
117645 MHz frequency, is not currently in service. Plans call
for its implementation on the GPS Block [TF satellites, with
the first [IF now expacted to be launched in 2008,

L2C deployment requires a commitment to operational
capability. Decisicns will be required as to launch dates and
signal activation for each successive satellite centaining the
signal. The L2C benefits study is intended to contribute to
decisions about 12C deployment with consideration of alter-
native scenarics informed by quantitative and qualitative
analysis.

To explore the implications o L2C evolution, we make
profections about the numbers of U5, precision users, incre-
mental benetis, and user costs, basad an examination of
applications and available evidence on value of benefits,and
consider how thise can unfald aver the period 20062030,

“The analysis focuses on precision users of L2C whe use
two or more frequencies, although we do include estimates
for supplementary multiple-frequency users and single-fre-

TheLic ToUgh Crder of magRude” dollaryaue
o € applications hased on 2005 spending by applying a”team con-
SEMEUS” 1of ANESUMEA INCI2MENt) DENENtas3 pRramtage of markel
walue {reveme) for each of 13 user categories. Spending In user group

quency users. Hwever, the estimates of these types of use are
more conjectural and do net contribute much 10 the overall
walue of benetits.

Benetits net of user costs are measured according to the
widely accepted econcmic productiviry approach, which
includes productivity gains and cost savings. This compre-
hensive approach is mare appropriate than one that measures
benefits simply by expenditures on equipment and services

Incremental bengits and user costs are defined to include
all differences in outoomes from what would be expected in
the absence of L2C.

Signal Advantages and Availahility

The L2C signal, scheduled tobe the first of the modernized
civil GPS signals, s intended for civilian purposes other than
aviation and safety-of-life. It will provide greater accuracy
and robustness and faster signal acquisition than the airrent
L1 C/A-code signal. Higher signal power and forward error
correction will improve GPS mobile, indoor, and ather uses.

‘The L5 signal that will arrive within a few years will be
in a protected aeronautical radicnavigation system (ARNS)
band intended for aviation and other safety-oF-life uses and
will have broader applicaticas.

Multiple signals will allsw many users 1o obtain greater
precision and availability at lower cost than achisvable with
propristary augmentation systems. However, signal combi-
nations combined with public and private augmentations for
even greater precision and reliabilivy will support applica-
tions with some of the greatest potential benefits. Combined
use of L2C with L1 C/A and L3 will also enable some preci-
sion wsers to achieve even greater reliability and accuracy.
Although available simulations differ on the size of benefits
of thiree signals over two, many professicnals expect impar-
tant advantages from such *tri-laning” techniques.

2 hod@Nss TULTAURRST 2008 e

i} TULYAUGHST 2008 oGNS 3
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Contact Information

~ Office of Space Commercialization
National Oceanic and Atmospheric Administration
U.S. Department of Commerce
6818 Herbert C. Hoover Building
Washington, D.C. 20230

www.nesdis.noaa.gov/space
space.commerce@noaa.gov
(202) 482-6125
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Study Assumptions

L2C + L1 C/A will provide an alternative to augmented single
frequency GPS

L2C will be used in multi-frequency applications with L5 and/or
Galileo signals

L2C has its greatest potential to generate benefits:

— FQ{_duC?I frequency applications until alternative signals are widely
utilize

— For long term use as a third frequency
Dates of GPS signal availability

— Dates of 24 and 18 satellites for each signal based on best information
available during the study year 2005

— To enable analysis, assumes approximately straight line of deployment

Assumed Galileo FOC dates as indicated in each of the context
scenarios

Capabilities of public and private augmentations will continue to
Improve
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